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(54) Structure of and method for manufacturing an LED 



(57) An LED has both its p and n bonding pads on 
the p side of the wafer for simultaneous solder bump 
alignment and electrical connection of the LED with a 
device carrier. A groove is formed dividing the p material 
of the device into an active region and an inactive region. 



The groove also provides a path for the device's n-con- 
tact. which extends from the n-material at the base of the 
groove, up the side of the groove, to the n bonding pad 
on the surface of the inactive p material. 
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Description 

FIELD OF THE INVENTION 

This invention relates generally to the structure and 
manufacture of a double heterostructure light emitting 
diode or laser diode (collectively abbreviated "LED") for 
use in devices where the LED must be aligned with great 
accuracy to the device carrier, as, for example, in the opti- 
ca! communications field. More particularly, the invention 
relates to an LED with both the p-contact and the n-con- 
tact on the same side, permitting the solder bonding 
pads to be configured so that precise solder bump self 
alignment is achieved without shorting between the pads 
and without the need for bonding wires. 

BACKGROUND OF THE INVENTION 

LEDs used as light sources in fiber optic communi- 
cations must be precisely aligned to the device carrier, 
so that the optical emission from the device may be accu- 
rately directed into an optical communications f iber. Cur- 
rently available LEDs with output suitable for use in 
optical communications have bonding pads on opposite 
surfaces. This structure has presented difficulties in 
mass producing optical devices that require alignment 
between LED and fiber, as explained in the Detailed 
Description below. 

This alignment problem has sometimes been 
addressed by attaching the LED to an intermediate 
mounting which is subsequently attached to a base 
member and optically aligned to a fiber connector using 
an active alignment technique. 

U.S. Patent No. 5,337,398, discloses an optical 
package utilizing solder bump self-alignment of the LED. 
That optical package has a base member provided with 
a plurality of bond pads sites for the self alignment as 
well as the electrical connection of an LED device directly 
to the base member. In addition, the base member has 
associated mechanical fiduciats for the alignment of 
other optical mounting components: a spherical lens 
holder and a fiber ferrule receptacle. In this way, all the 
optical components are passively aligned when they are 
attached to the base member, and no subsequent align- 
ment operation is required. 

SUMMARY OF THE INVENTION 

The present invention provides a structure of and a 
method for manufacturing an LED with an optical output 
suitable for the communications field, and with both 
bonding pads on the same surface. The LED is prefera- 
bly both aligned and electrically connected to the device 
carrier during a single solder bonding operation. 
Because both contacts of the LED are on the same side 
of the device, the need for a wire bond to the LED is elim- 
inated. 

A groove on the p-surface of the device extends 
through the p-materiai into the n-material below. The 
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groove allows an n-contact which is deposited in part on 
the p-surface, to make electrical contact with the n-mate- 
rial below. A p-contact is deposited on another part of 
the p-surface. Metal bonding pads over metallic film 

s areas in contact with the p- and n-contacts allow a 
mechanically stable, reliable and low stress solder joint 
to the base member. 

Non-wetting surfaces surround the metal bonding 
pads, preventing shorts from forming between the bond- 

w ing pads or across the p-n junction during solder reflow, 
thereby making solder attachment of the LED to the base 
member a reliable batch process. 

In one embodiment the LED device is manufactured 
from a standard double-heterostructure wafer, such as 

is indium gallium arsenide phosphide/indium phosphide 
(InGaAsP/lnP). After etching a groove from the p-surface 
through the players into an n-layer. a metal n-contact is 
applied which extends from the p-surface down one side 
of the groove to the n-material exposed at the bottom of 

20 the groove. A p-contact then is formed on the p-surface 
on the other side of the groove. A non-wetting dielectric 
is deposited on all surfaces surrounding the contacts, 
and openings are formed in the dielectric exposing the 
contacts. All surfaces are then covered with a metal film. 

25 and thick metal bonding pads are formed over the areas 
of the p-and n-contacts. Finally, the metal film left 
exposed after adding the bonding pads is removed, leav- 
ing non-wetting dielectric material surrounding the bond- 
ing pads. 

30 Other and further advantages of the present inven- 
tion will be apparent during the course of the following 
discussion and by reference to the accompanying draw- 
ings. 

35 BRIEF DESCRIP TION ™ THE DRAWINGS 

Fig. 1 is a cross sectional view of a known double 
heterostructure InGaAsP/lnP LEp; 
Fig, 2 is a schematic side elevaiional view in cross 
40 section of an LED according to the present inven- 
tion; 

Fig. 3 is a bottom plan view of the LED according to 
the present invention; 

Fig. 4 is a perspective view of a silicon wafer pre- 
45 pared as a device carrier for an optical package that 
will contain an LED according to the present inven- 
tion; 

Figs. 5A to 5G are schematic side elevational views 
in cross section of an LED in successive steps of a 
so manufacturing process according to the present 
invention. 

DETAILED DESCRIPTION ' 

55 The physical structure of a currently available LED 
suitable for use in optical communications has presented 
manufacturabilrty difficulties with respect to the mass 
production of optical devices having the required align- 
ment between LED and fiber. As shown in Fig. 1 . a cur- 
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rently available LED 20 having a double heterostructure 
wafer configuration typically has a p-contact 1 and an n- 
contact 2 located on opposite surfaces of the device, 
most often the top and bottom. In mounting such an LED 
on a device carrier 10. a bonding pad 3 on the bottom 
surface is soldered to a contact 4 on the device earner. 
During attachment of the LED to the device carrier, the 
LED is aligned by surface tension forces present in the 
molten solder, a technique referred to as solder bump 
self alignment A bonding wire 5 must be used to connect 
the top, or n-contact 2 to a second contact 6 on the device 
carrier 10. Attaching the bonding wire adds the expense 
of a second operation, and may compromise the reliabil- 
ity and positioning accuracy of the device mounting oper- 
ation. Further, the surrounding components in an optical 
package containing the LED of Fig. 1 must be designed 
to provide additional clearance for the bonding wire. 

One embodiment of an LED according to the present 
invention, and an exemplary implementation of the 
device, wilt be explained with reference to Figs. 2-4. The 
detailed structure and materials of an actual embodi- 
ment fabricated by the inventors, and a description of an 
exemplary manufacturing process, are disclosed below 
with reference to Figs. 5A-5G. 

As shown in Fig. 2. LED 50 comprises a wafer 51 
having standard double heterostructure InGaAsP/lnP 
construction. This construction was used in the embod- 
iment fabricated by the inventors and is known in the art 
as being appropriate for use in LEDs used in optical com- 
munications devices. Other wafer constructions having 
appropriate optical output characteristics, such as 
another construction having an indium phosphide sub- 
strate, or a construction having a gallium arsenide 
(GaAs) substrate, could also be used. Wafer 51 has at 
least one n-layer 52 comprising an n-type substrate and 
at least one p-layer 53 comprising a p-type film. In an 
installed LED of the invention, the n-layer 52 is above the 
p-layer 53; that is, the n-layer is closest to the optical fiber 
in an installed device, and the p-layer is closest to the 
chip carrier. 

A groove 60 extends upwardly 1rom a p-surface 61 
on the underside of the p-layer 53, completely through 
the p-layer, and to a depth sufficient to penetrate a por- 
tion of the n-layer 52. A metallic n-contact 62 extends 
from the n-layer 52 at the bottom 60c of the groove 60. 
along a first side 60a of the groove 60, to the p-surface 
61 . A p-contact 63 depends from the p-surface 61 adja- 
cent a second side 60b of the groove 60. 

Each of the p- and n-contacts are in electrical con- 
tact with separate thin metallic film areas 80a and 80b. 
Attached to these film areas are thick metal bonding 
pads 120 and 121. The bonding pads are shaped so as 
to optimize the locating forces created by solder bump 
surface tension, while providing a sufficient heat sinkdur- 
ing LED operation. 

Dielectric film 65 covers all surfaces surrounding the 
metal bonding pads 120 and 121 on the underside of 
LED 50, including areas of the p-suriace 61 surrounding 
the bonding pads, and the sides and base of the groove 



60. The dielectric film is non-wetting as to solder, and 
therefore prevents shorting of the device during the sol- 
der melt operation. 

The LED further may have an integral lens 66 on n- 

5 surface 67, which increases the amount of light coupled 
into an optical fiber during device operation. The active 
light-emitting region of the diode lies at the p-n junction 
area 69 between the p-contact 63 and the lens 66. The 
portion of the p-layer 53 adjacent the first side 60a of 

w groove 60 is electrically isolated from the active region 
of the diode, but serves as a spacer so that the bonding 
pad 121 is maintained at the same level as bonding pad 
120. 

Fig. 3 is a bottom plan view of an exemplary LED 50 

is according to the invention. The overall width 501 of the 
LED in this example is 0.250 mm, and the overall length 
502 is 0.375 mm. An n- bonding pad 120 and a p- bond- 
ing pad 121 are disposed on opposite sides of groove 
60. The two bonding pads 120 and 121 are of similar 

so dimensions, having a width 510 of 0.125 mm and a 
length 51 1 of 0.200 mm. The use of two bonding pads 
as shown in Fig. 3 improves the efficiency of solder bump 
self alignment. Furthermore, while the bonding pads 
shown in Fig. 3 have sharp corners, rounded corners 

25 could be used to improve solder wetting characteristics. 
A typical chip carrier configuration for -building an 
optical package using the LED of the invention is shown 
schematically in Fig. 4. A silicon wafer 600 forms the 
base material of the chip carrier. Two bond pad sites 601 

30 are formed on the silicon wafer 600. The bond pad sites 
have a length and width close to those of bonding pads 
120 and 121 of the LED. Leads 602 electrically connect 
the bond pad sites 601 to the optical package circuitry. 
Mechanical alignment fiducials 610 in the silicon wafer 

35 600 are precisely located with respect to the bond pad 
sites 601 , and mate with similar fiducials provided in the 
associated optical components (not shown), such as a 
lens holder and an optical fiber ferrule. The optical com- 
ponents are thereby passively aligned to the LED during 

40 the optical package assembly operations. 

Steps in the process of manufacturing the above- 
described LED are related below with reference to Figs. 
5A-5G. 

In this example, fabrication of the LED begins with 
45 a standard double heterostructure InGaAsP/lnP wafer 
701 , with layer thickness and composition suitable for the 
fabrication of LEDs. Other compositions suitable for 
communications applications, such as GaAs, will be 
apparent to those skilled in the art. As shown in Fig. 5A, 
so the wafer 70 1 has at least one p-layer 53 and a p-surface 
61 , and at least one n-layer 52 and an n-surface 67. The 
wafer further comprises primary crystallographic planes, 
such as plane 707."- 

A suitable chemical mask 706 is formed on the p- 
55 surface 61 of the wafer. The mask can be a dielectric 
mask, such as silicon dioxide or silicon nitride, or can be 
a photoresist mask that is chemically resistant to the 
chemical processes used in subsequent process steps. 



EP 0 7 

A stripe opening 708 is defined on the mask, parallel to 
primary crystallographic plane 707 of the wafer. 

A groove 60 is etched in the semiconductor wafer at 
the opening 708 in the chemical mask 706, as shown in 
Fig. 5B. The groove 60 is etched using either a wet chem- 
ical or a dry etching technique. The groove is etched to 
a depth sufficient to completely penetrate the p-layer 53 
of the wafer, and to expose the n-layer 52. The groove is 
not, however, etched so deep as to mechanically weaken 
the final LED device or to result in poor step coverage or 
discontinuous films on the walls of the groove. 

It is important to select an etching technique that is 
non-preferential with respect to the various InP and 
InGaAsP layers, in order to avoid over- or undercutting 
the layers, which could interfere with subsequent step 
coverage. A suitable etchant is composed of hydrobro- 
mic acid, hydrogen peroxide and water in a 5:1:20 vol- 
ume ratio; however, one skilled in the art will recognize 
that other etchants suitable for this purpose can be for- 
mulated. Such etchants must not be reactive with the 
chemical mask 706. 

After the groove is etched, the chemical mask shown 
in Fig. SB is removed and the underlying surfaces are 
cleaned, readying the wafer for the next step. 

An n-contact 62 is then formed as shown in Fig. SC. 
using photolithographic and deposition techniques 
known in the art. A suitable contact material is layered 
Au/Sn/Au which is subsequently alloyed by heat treat- 
ment, although other contact materials known in the art 
may be used. The n-contact 62 of this example is approx- 
imately 1-1.5 microns in total thickness. The n-contact 
62 contacts the n-layer 52 at the base 60c of the groove, 
and forms a continuous film on the first side 60a of the 
groove 60 to the p-surface 61. The n-contact of this 
example extends across the p-surface adjacent the first 
side 60a of groove 60 to cover the area where bonding 
pad 122 will subsequently be applied. It is important that 
only the first side 60a, and not the second side 60b, of 
the groove 60 be covered with the n-contact metal in 
order to avoid short circuiting the device. 

A p-contact 63, also shown in Rg. 5C, is formed on 
the p-surface of the device opposite groove 60 from the 
n-contact. A suitable contact metal known in the art, such 
as a AuBe film, is used. In this example, the contact is 
circular in plan view (not shown), being approximately 25 
microns in diameter and 0.1 micron in thickness. 

The wafer 701 is then thinned by removing material 
from the n-surface 67 until the wafer is the desired thick- 
ness. While not necessary for the functionality of the 
device, a lens 66, shown in Fig. 5D, can be integrally 
formed on the n-surface 67 aligned with the p-contact 
63, to increase the amount of light coupled into an optical 
fiber. 1 The lens is formed using the known technique^ 
reactive-ion etching. An anti -reflective film 70 can be 
added to the lens. 

As illustrated in Fig. 5E, a dielectric film 65 is depos- 
ited over all features on the p side of the wafer, including 
the p-surface 61 , the p-contact 63, the bottom 60c and 
walls 60a. 60b of the groove 60, and the n-contact 62. 
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The dielectric film 65 isolates these features and seals 
the groove surfaces. The dielectric film used in the 
embodiment fabricated by the inventors was silicon 
nitride deposited to a thickness of approximately 0.2 
5 microns. Other appropriate materials known in the art, 
such as silicon dioxide, can alternatively be used. 

Openings 710, 71 1 are then defined in the dielectric 
film as shown in Fig. 5F, using standard photolitho- 
graphic and etching processes. In this illustration, the 

1 o diameter of opening 71 0 is slightly smaller than the diam- 

eter of the p-contact 63 and is centered over it. exposing 
the center portion of the p-contact. Opening 711 is 
defined in the position to be occupied by the bonding pad 
1 21 , as shown in Fig. 5G, and exposes a portion of the 

15 n-contact 62 located on the p-surface 61 . 

A metal film 80, shown in Fig. 5Q. is then deposited 
over the dielectric film 65 and the openings 71 0, 71 1 . In 
this example, a layered TiAu metal film comprising 
approximately 0.2 microns titanium and 0.5 microns gold 

20 is used. This composition provides good adhesion and 
conductivity for bonding pads 120. 121 to be subse- 
quently applied, and the TiAu film can be partially etched 
later in the processing sequence to isolate the n- and p- 
contacts 62. 63. 

25 Using photolithographic techniques, footprints for 
bonding pads 120. 121 centered on then- and p-contacts 
62. 62 are defined on the metai film 80. and thick gold 
bonding pads 120. 121 are formed on these footprints. 
In this example, the pads are formed by electroplating to 

30 a thickness of 5 microns. Other methods, such as evap- 
oration techniques, and other thicknesses in the range 
of about 4 to 10 microns, could also be used. The gold 
bonding pads 120. 121 must be thick enough to serve 
both as a heat sink under the p-contact 63 as a cushion 

35 between the solder bond and the semiconductor after die 
attachment, but not so thick as to cause wafer breakage 
and waste gold. 

The metal film 80 remaining exposed around the 
gold bonding pads 120, 121 is then removed to again 

40 expose the dielectric film 65. As shown in Fig. 2, metal 
film portion 80a below bonding pad 120 and metal film 
portion 80b below bonding pad 121 are left intact. Since 
the remaining dielectric film 65 will not be wetted by the 
solder during die attachment, this step will ensure that 

45 shorting will not take place across the bonding pads 1 20, 
121 during solder bond. 

The finished wafer is then diced using standard 
processes, such as scribe-and-break, forming the fin- 
ished LED device 50 as shown in Fig. 2. Tne LED chip 

so is now ready to be bonded to a carrier board. 

It should be understood that the above-described 
embodiments of the present invention are exemplary 
only. For example, gallium arsenide may be preferable 
over indium phosphide as the basic wafer material in 

55 some applications. 
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A method for fabricating an LED from a double het- 
erostructure wafer having a p-surface. an n-surface. 
an n-layer and a primary crystailographic plane, 
comprising: 

etching a groove in the p-surface parallel to 
the crystailographic plane, said groove exposing the 
n-layer of the wafer; 

forming a metal n-contact. said n-contad 
contacting said exposed n-layer and forming a con- 
tinuous film up a wall of said groove and onto the p- 
surface; 

forming a metal p-contad on the p-surface 
opposite said groove from said n-contad; 

depositing a dieledric film on the p-surface, 
on said p- and n-contacts, and in said groove; 

defining openings in said dieledric film par- 
tially exposing said p-contad and said n-contad; 

depositing a metal film over said dieledric 
film and said openings; 

defining bonding pads sites on said dieledric 
film over said p- and n-contads; 

forming bonding pads on said bonding pads 

sites; 

removing said metal film around said bonding 
pads to expose said dieledric film. 

2. The method of claim 1 , further comprising forming 
a chemical mask defining a stripe opening before 
etching said groove, and removing the chemical 
mask and cleaning the p-surface after etching said 
groove. 

3. The method of claim 2, wherein the chemical mask 
is a dieledric mask seleded from the group consist- 
ing of silicon dioxide and silicon nitride. 

4. The method of claim 2, wherein the chemical mask 

is a photoresist mask. 40 

5. The method of claim 2, wherein said groove is 
etched using an etchant comprising 5 parts hydro- 
bromic acid, 1 part hydrogen peroxide and 20 parts 
water by volume. 45 

6. The method of claim 1 , wherein said n-contad is 
formed of alloyed Au/Sn/Au. 

7. The method of claim 1 , wherein said metal film com- so 
prises a layer each of titanium and gold. 

8. The method of claim 1, wherein said Au bonding- 
pads have a thickness between 4 microns and 10 
microns. 55 



said p-contad after the step of forming a metal p- 
contad. 

10. A method of manufacturing an LED, comprising: 
etching a groove on a p-surface of a semicon* 

dudor wafer to expose an n-layer; 

forming an n-contad extending from said n- 
layer to said p-surface; 

forming a p-contad on said p-surface; 
depositing a dielectric layer over said p-sur- 
face and said groove; 

forming two bonding pads on said p-surface, 
one each in eledrical contad with said n-contad 
and said p-contad. 

11. The method of claim 10, wherein said semiconduc- 
tor comprises a substrate seleded from the group 
consisting of indium phosphide and gallium arse- 
nide. 

1 2. The method of claim 10. further comprising the steps 
of forming a metal film in contad with the p- and n- 
contads before forming said bonding pads, and 
removing an exposed portion of said metal film after 
forming said bonding pads. 

13. The method of claim 12. wherein said metal film 
comprises a layer each of titanium and gold. 



30 14. The method of claim 10, wherein said bonding pads 
are gold having a thickness between 4 and 10 
microns. 



35 



9. The method of claim 1, further comprising the step 
of forming an integral lens in said n-surface opposite 



15. An LED chip formed from a double heterostrudure 
wafer with a primary crystailographic plane, com- 
prising: 

a p-surface; 

said p-surface having a groove parallel to the 
primary crystailographic plane, a bottom of said 
groove exposing an n-layer of the wafer; 

an n-contad having a first portion contading 
said n-tayer at said bottom of said groove and 
extending continuously up a first side of said groove, 
and a second portion continuing onto said p-surface; 

a p-contad on said p-surface opposite said 
groove from said n-contad; 

a first metal film over said p-contad; 

a second metal film over said second portion 
of said n-contad; 

first and second bonding pads on said first 
and second metal films; 

a dieledric film between said first and second 
bonding pads, said dieledric film covering said first ' 
portion of said n-contad and a second side of said 
groove. 

16. An LED, comprising: 

a double heterostrudure wafer having a sub- 
strate seleded from the group consisting of indium 
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phosphide and gallium arsenide; 

a pair of bonding pads depending from a p- 
surface of said wafer, one each of said bonding pads 
in electrical contact with a p-layer and an n-layer of 
said wafer. s 

1 7. The LED of claim 1 6, wherein said p-surface defines 
a groove between said bonding pads. 

18. The LED of claim 16, further comprising a dielectric 10 
film surrounding said bonding pads on said p-sur- 
face. 

19. An LED, comprising: 

a double heterostructure wafer; is 
a first bonding pad depending from a p-sur- 
face of said wafer, in electrical contact with a p-layer 
of said wafer; 

a second bonding pad depending from a p- 
surface of said wafer, in electrical contact with an n- 20 
layer of said wafer through a metallic n-corrtact. 

20. The LED of claim 19, wherein said double heter- 
ostructure wafer comprises indium phosphide. 

25 

21. The LED of claim 19, wherein said double heter- 
ostructure wafer comprises gallium arsenide. 

22. The LED of claim 19, wherein said n-contact com- 
prises alloyed Au/Sn/Au. 30 

23. The LED of claim 1 9, wherein said metallic n-contact 
comprises a layer deposited on a side of a groove 
through said p-layer. 

35 
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(57) An LED (50) has both its p (120) and n (121) 
bonding pads cn the p side cf the wafer for simultane- 
ous solder bump alignment and electrical connection of 
the LED with a device carrier. A groove (60) is formed 
dividing the p material of the device into an active region 
and an inactive region. The groove also provides a path 



for the device's n-contad. which extends from the n- 
rratsrial at the base of the groove, up the side of the 
groove, to the n bonding pad on the surface of the inac- 
tive p material. 
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